Abstract. Three methods of measuring the CP violating quantities a 
Introduction
There are two neutral B mesons, the B s meson and the B d meson. In the following these will generically be denoted as B q . The B q meson has two flavour eigenstates |B 0 and |B 0 , the time evolution of which is governed by the following equation:
In the absence of mixing one expectsM andΓ to be diagonal matrices; however off-diagonal elements M 12 and Γ 12 arise from the Feynman diagrams shown in figure 1. Diagonalisation ofM andΓ gives two mass eigenstates: a light one, |B L , and a heavy one, |B H . These are related to the flavour eigenstates by |B L = p|B 0 + q|B 0 and |B H = p|B 0 − q|B 0 .
Three observables describe CP violation and mixing in B q mesons. First is the mass difference between the heavy and the light eigenstates, ∆m q = M H − M L = 2|M 12 |, then the difference in decay widths of the two eigenstates, ∆Γ q = Γ L −Γ H ≈ 2|Γ 12 | cos φ, where φ is the phase between M 12 and Γ 12 , and finally the flavour specific asymmetry, a q f s = |Γ 12 |/|M 12 | sin φ ≈ −2 (|q/p| − 1), which will be the focus of the following analyses. The Standard Model predicts [1] these two observables to be close to zero, specifically This asymmetry is also called a q sl when measured using semi-leptonic decays such as:
.
Previous measurements
There have been many different measurements of a s f s and a d f s . Figure 2 shows a selection of them. The horizontal (vertical) lines are measurements of a s f s (a d f s ) and the diagonal lines are measurements of a linear combination of a s f s and a d f s . Of these measurements the most interesting is the DØ di-muon asymmetry [2] , which is a linear combination of a s f s and a d f s . DØ measured A b sl = (−0.787 ± 0.172 ± 0.093)% = (0.594 ± 0.022)a d f s + (0.406 ± 0.022)a s f s , which differs from the Standard Model prediction by 3.9 standard deviations.
LHCb detector
LHCb is a single-arm spectrometer [3] at the Large Hadron Collider (LHC), a proton-proton collider which in 2011 operated at a centre-of-mass energy of √ s = 7 TeV. A schematic of the LHCb detector is shown in figure 3 , where it can be seen that the acceptance covers high pseudorapidities, compared to the general purpose detectors, specifically 2 < η < 5. The Vertex Locator (VELO) is able to achieve an average resolution of ∼ 10 µm (∼ 60 µm) on the primary vertex position [4] in the direction perpendicular (parallel) to the beam pipe. This is used to measure the flight distance of a particle, which is proportional to the decay time. LHCb has a magnet, the polarity of which can be changed. This is used to help correct for charge asymmetries caused by different detection efficiencies for positive or negative particles. LHCb is also able to discriminate between pions and kaons using particle identification provided mainly by the Ring Imaging Cherenkov (RICH) detectors. Finally the muon stations are used to trigger events containing semi-leptonic decays and to identify muons. 
Analysis strategy In this analysis decays of
Using these events the un-tagged final state charge asymmetry A s meas is measured as in equation 1:
Here N D ∓ q µ ± is the number of D q µ combinations with the given charges. The ratio of efficiencies, ε D − q µ + /ε D + q µ − , corrects for any differences in efficiency for the two channels. The measured asymmetry is related to a s f s by
where ε(t) is the efficiency of selecting an event with decay time, t. For semi-leptonic B s decays in LHCb, the ratio of integrals in equation 2 is approximately 0.002, as determined from simulation [5] . The B s production asymmetry, A p , is ∼ 1% [6] and so the the second term in 
Signal Yield
In order to count the number of selected signal events in the sample, fits are performed to the KKπ mass spectra. The sample is split by charge of the muon and by the magnet polarity to correct for any charge asymmetry caused by the detector. The two mass peaks are described by triple Gaussians while the backgrounds are described by second-order polynomials. The selection requires the invariant mass of the KK combinations to be within 20 MeV of the φ mass. The yellow shaded area is the D s signal PDF, the red shaded region is the D ± mass peak PDF, the black dashed line shows the background PDF and the blue line is the sum of these three.
Detection Efficiencies
The results of the fits allow N (D ∓ s µ ± ) to be measured, which needs to be corrected by the efficiency ratio
To do this, the efficiency is broken down into several parts:
Due to the similarity between the K + and K − momentum spectra, from the decay of the φ resonance, the kaon identification efficiency, ε id (K ± K ∓ ), is the same for both D + s µ − and D − s µ + . Thus these terms cancel in the ratio. The kaon tracking efficiencies, ε tr (K ± K ∓ ), also cancel. The pion identification efficiency, ε id (π ∓ ), is unity since no particle identification requirements are made on the pion. The other efficiencies do not cancel between charge states leaving the pion tracking efficiency, ε tr (π ∓ ), the muon identification efficiency, ε id (µ ± ), the muon tracking efficiency, ε tr (µ ± ), and the trigger efficiency, ε tg (D ∓ s µ ± ), to be studied in more detail. To measure the pion tracking efficiency one can select partially reconstructed decays of
, where one of the pions from the D 0 is missing or ignored, and then fully reconstruct the decay using only kinematics. The pion tracking efficiency is then the fraction of such events in which the additional pion is actually detected. Figure 5 shows that the pion tracking efficiency ratio does not depend on the pion momentum and thus any tracking efficiency difference between the π + and π − will cancel with the tracking efficiency difference between the µ − and µ + . Thus
, since all other terms cancel.
The remaining two efficiencies are measured using a tag-and-probe technique. Two samples of J/ψ → µ + µ − candidates are selected using two different selection algorithms. These samples and the signal sample have different momentum spectra, so the data are divided into 50 bins of p, p x and p y , in which ε id (µ) and ε tg (D ∓ s µ ± ) are measured. In the J/ψ candidate selection, one of the muons is identified as a muon; this is the tag muon. The trigger is required to be independent of the second muon, known as the probe muon. This means the event would have been triggered regardless of whether the probe muon was present. The probe muon is then required to be identified as a muon. The number of J/ψ signal events which pass and fail this last requirement are counted, from which ε id (µ) is measured. The J/ψ events are counted by fitting the invariant mass of the di-muon combinations as shown in figure 6 . A similar process is performed for each level of the trigger. Figure 7 shows the relative efficiency of µ + compared to µ − for the hardware trigger as a function of the muon momentum. The ratio of µ + and µ − hardware trigger efficiencies as a function of muon momentum, split by magnet polarity. Data with red circles were taken with the magnet polarity in the up direction, while data with blue squares were taken with the magnet polarity in the down direction. Table 1 lists all effects which contribute to the total systematic uncertainty. The largest contribution of 0.10% comes from the statistical uncertainty on the efficiency correction ratios. The next largest uncertainty comes from varying the KKπ fit model. This causes variations in the number of signal events, resulting in a change of the central value by up to 0.06%. Momentum spectra of the µ ± and π ∓ are different, so the tracking efficiencies may not cancel exactly, resulting in a 0.06% uncertainty. Small amounts of background are selected along with the signal; most important are decays of b → ccs where a D s originates from a virtual W decay and the muon comes from a semi-leptonic decay of a charmed hadron, for which a 0.05% uncertainty is assigned. The uncertainty on the muon correction is estimated by comparing the differences between the two J/ψ samples, resulting in a 0.05% uncertainty. Studies of a muon software trigger has shown a bias which was corrected with a 0.09% uncertainty. In the signal sample 60% of the events pass this trigger, so an uncertainty of 0.05% is assigned.
Systematic Uncertainties

Results
LHCb collected 447 pb −1 of magnet up data and 595 pb −1 of magnet down data in 2011. The corrected asymmetry is measured in each kinematic bin and a weighted average is taken for each magnet polarity. The arithmetic average is taken between the two magnet polarities, as this has the effect of cancelling any possible residual biases after correction. The resulting asymmetry is measured to be: In a future analysis the difference and sum of a s f s and a d f s will be measured using B 0 d → Dµν and B 0 s → D s µν decays with D q → KKπ. To measure the sum and difference, the data are fitted in three dimensions: decay time of the B q , KKπ mass and muon charge. However there are a neutrinos in these semi-leptonic B q decays, which cannot be detected by LHCb, so the momentum of the B cannot be fully reconstructed. To correct for this and measure the decay time of the B q , a statistical Monte Carlo based correction is used, called k-factor [8] . The decay time distributions of the B q are fitted with,
